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Description
TECHNICAL FIELD

[0001] The present invention relates to the field of communications technologies, and specifically, to a sub-band
scheduling method and apparatus.

BACKGROUND

[0002] In conventional cellular communications, if a terminal wants to access a cellular network, the terminal needs
to complete a random access process. The random access process mainly includes interaction between a terminal and
a base station, to implement synchronization with the base station. In addition, the base station allocates resources to
users. In Long Term Evolution (English: Long Term Evolution, LTE for short), a terminal is notified of a random access
resource by using a system message or mobile control information. Different systems may use different random access
resource configurations. Specifically, a system may configure a frequency domain location of a random access resource
and a frame or a subframe in which a random access resource is configured.

[0003] Contention-based random access and non-contention based random access are supported in LTE. The con-
tention-based random access means that multiple terminals use a same preamble (English: preamble) and perform
random access on a same time-frequency resource. The non-contention based random access means that the system
specifies dedicated preambles for terminals, and when the terminals access the system, collision does not occur. In an
LTE system, the contention-based random access is generally completed by using four steps. FIG. 1 is a contention-
based random access process, as shown in FIG. 1.

[0004] Step 1: A user terminal randomly selects a preamble, and sends the preamble to a base station on a random
access channel (English: Random Access Channel, RACH for short) by using a message 1.

[0005] Step 2: The base station detects the preamble, and sends a random access response (a message 2) to the
user terminal, where the random access response includes the following information: location indication information of
an uplink resource allocated to the user terminal, and a temporarily-allocated cell radio network temporary identifier
(English: Cell-Radio Network Temporary Identifier, C-RNTI for short).

[0006] Step 3: After receiving the random access response, the user terminal sends an uplink message (a message
3) on the allocated uplink resource according to indication of the preamble.

[0007] Steps 4: The base station receives the uplink message of the user terminal and returns a contention resolution
message (a message 4) to a user terminal that successfully performs accessing.

[0008] In the LTE, a group of 64 preambles in total are defined, and a preamble is a group of zero correlation code.
Preambles for contention are categorized into two groups: a group A and a group B, and a quantity of preambles in the
group A is determined by a parameter preamblesGroupA. If the quantity of preambles in the group A is equal to a total
quantity of preambles for contention, it means that the group B does not exist, and a preamble is selected from the group
A. A preamble requires relatively low synchronization precision. The base station estimates a timing advance (English:
Timing Advance, TA for short) of the user terminal according to the received preamble, so as to adjust uplink transmission
timing of the user terminal.

[0009] If the base station can correctly demodulate the preamble, the base station sends the random access response
to the user terminal. The random access response message includes the TA and an uplink grant (English: Uplink Grant
or UL Grant) resource, and the UL grant resource is an uplink transmission resource of a corresponding size determined
according to the sent preamble. The user terminal transmits the message 3 by using the UL grant resource.

[0010] US20140071954A1 discloses a method for adaptive transmission time intervals (English: Transmission Time
Interval, TTI for short), and is mainly to adapt to various different service requirements in the future. For example, some
services have arelatively low transmission delay, and some services have a relatively high transmission delay. Therefore,
US20140071954A1 defines a frame structure that can adapt to different services, and multiple different TTls can be
supported at the same time to adapt to different services in the future.

[0011] In a frame structure disclosed in US20140071954A1, one band is divided into multiple sub-bands or carriers,
and a frame structure of a TTI of a length is transmitted on each sub-band. The sub-bands are multiple small bands that
are obtained by dividing a large band, and there is no band leakage guard band between the bands, or only an OFDM
symbol is used to eliminate interference between the bands. In a broad sense, a sub-band may be an independent small
band or carrier. Generally, information about a TT| supported in a system is notified to a terminal by using a system
broadcast message. Generally, a notification message is sent only on a sub-band. Therefore, there is a sub-band used
for sending a downlink broadcast message. The sub-band in this patent is referred to as a common sub-band, and is
mainly used to send the downlink broadcast message, for example, an MIB or SIB. Similarly, to save random access
resources, random access resources are not defined on each sub-band. For example, random access resources may
be defined on the common sub-band.
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[0012] AnexistingLTE random access process is completed on one carrier (arandom access process is also completed
on one carrier in a carrier aggregation scenario), and a process is shown in FIG. 1. After the message 3 is transmitted,
the base station sends a contention resolution message. After contention is completed, the random access process is
also completed, and immediately, a data transmission process is entered.

[0013] InLTE, only a single frame structure is supported, a same TTl is used, and a TTI of 10 ms is currently defined.
A length of a TTI may be 1 ms in the future, and the prior art cannot satisfy a scheduling requirement of a 1 ms delay
in the future. In addition, if multiple TTls are supported in the future, the prior art cannot satisfy a scheduling requirement
of multiple TTls in the future.

SUMMARY

[0014] Embodiments of the present invention provide a sub-band scheduling method and apparatus, so that a target
sub-band that is suitable for transmitting current data or a current service may be randomly accessed quickly, so as to
implement a quick data or service transmission process on the target sub-band.

[0015] According to a first aspect, an embodiment of the present invention provides a sub-band scheduling method,
where the method is used in a random access process and includes: sending, to a base station on a source sub-band,
afirstmessage that carries information about a data attribute requirement of to-be-transmitted data, where the information
about the data attribute requirement includes at least one of the following: a transmission delay, a transmission delay
type, a data bandwidth requirement, or a packet loss sensitivity;

receiving, from the base station on the source sub-band, a second message that carries sub-band information of a target
sub-band, where the target sub-band is a sub-band that is scheduled by the base station and that meets the data attribute
requirement of the to-be-transmitted data, and the sub-band information includes at least one of the following: a sub-
band number, a sub-band frequency channel number, a timing advance, an uplink resource allocated by the base station,
a sub-band sending power level, or a bandwidth; and

transmitting data on the target sub-band according to the sub-band information of the target sub-band.

[0016] With reference to the first aspect, in a first possible implementation of the first aspect, the first message is a
non-transport layer message, and the second message is a contention resolution message.

[0017] With reference to the first possible implementation of the first aspect, in a second possible implementation of
the first aspect, after the receiving a second message, the method further includes: performing sub-band synchronization
on the target sub-band.

[0018] With reference to the first aspect, in a third possible implementation of the first aspect, the first message is a
message used to carry a random access preamble, and the second message is a random access response message.
[0019] With reference to the third possible implementation of the first aspect, in a fourth possible implementation of
the first aspect, after the receiving a second message, the method further includes: performing sub-band synchronization
on the target sub-band.

[0020] With reference to the third or the fourth possible implementation of the first aspect, in a fifth possible imple-
mentation of the first aspect, the random access preamble in the message used to carry a random access preamble
carries signature information, and different signatures are corresponding to different data attributes.

[0021] With reference to the first to the fifth possible implementations of the first aspect, in a sixth possible implemen-
tation of the first aspect, the uplink resource is a time-frequency resource allocated on the target sub-band.

[0022] With reference to the sixth possible implementation of the first aspect, in a seventh possible implementation of
the first aspect, the time-frequency resource includes a time domain subframe number and a frequency domain resource
block; and

the time domain subframe number is determined according to a subframe number of a subframe in which the second
message is located, or is indicated by the base station by using a random access message; and the random access
message includes at least one of a message 1, a message 2, a message 3, or a message 4 in embodiments.

[0023] With reference to the seventh possible implementation of the first aspect, in an eighth possible implementation
of the first aspect, that the time domain subframe number is determined according to a subframe number of a subframe
in which the second message is located includes:

when AT+(S>TP, a subframe number of a subframe that is on the target sub-band and that is closest to a current
moment is the time domain subframe number; or

when AT+§£TP, a subframe number of a next subframe of a subframe that is on the target sub-band and that is
closest to a current moment is the time domain subframe number, where

AT is a time difference between the current moment and a start moment of the subframe that is on the target sub-
band and that is closest to the current moment, Sis a timing advance, and T}, is a scheduling processing time of the
target sub-band.
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[0024] With reference to the first to the eighth possible implementations of the first aspect, in a ninth possible imple-
mentation of the first aspect, the source sub-band and the target sub-band are corresponding to different transmission
time intervals TTIs.

[0025] With reference to the first to the ninth possible implementations of the first aspect, in a tenth possible imple-
mentation of the first aspect, the method further includes:

sending, on another sub-band other than the target sub-band, a scheduling request SR by using a physical uplink
control channel PUCCH of the target sub-band; or

sending, on another sub-band other than the target sub-band, an SR by adding the SR to the data received on the
target sub-band.

[0026] Accordingtoasecond aspect, an embodiment of the present invention provides a sub-band scheduling method,
where the method is used in a random access process and includes: receiving, from a user terminal on a source sub-
band, a first message that carries information about a data attribute requirement of to-be-transmitted data, where the
information about the data attribute requirementincludes atleast one of the following: atransmission delay, a transmission
delay type, a data bandwidth requirement, or a packet loss sensitivity;

sending, to the user terminal on the source sub-band, a second message that carries sub-band information of a target
sub-band, where the target sub-band is a sub-band that is scheduled for the user terminal and that meets the data
attribute requirement of the to-be-transmitted data, and the sub-band information includes at least one of the following:
a sub-band number, a sub-band frequency channel number, a timing advance, an uplink resource allocated to the user
terminal, a sub-band sending power level, or a bandwidth; and

transmitting data on the target sub-band according to the sub-band information of the target sub-band.

[0027] With reference to the second aspect, in a first possible implementation of the second aspect, the first message
is a non-transport layer message, and the second message is a contention resolution message.

[0028] With reference to the first possible implementation of the second aspect, in a second possible implementation
of the second aspect, after the sending a second message, the method further includes: performing sub-band synchro-
nization on the target sub-band.

[0029] With reference to the second aspect, in a third possible implementation of the second aspect, the first message
is amessage used to carry arandom access preamble, and the second message is a random access response message.
[0030] With reference to the third possible implementation of the second aspect, in a fourth possible implementation
of the second aspect, after the sending a second message, the method further includes: performing sub-band synchro-
nization on the target sub-band.

[0031] With reference to the third or the fourth possible implementation of the second aspect, in a fifth possible
implementation of the second aspect, the random access preamble in the message used to carry a random access
preamble carries signature information, and different signatures are corresponding to different data attributes.

[0032] With reference to the first to the fifth possible implementations of the second aspect, in a sixth possible imple-
mentation of the second aspect, the uplink resource is a time-frequency resource allocated on the target sub-band.
[0033] With reference to the sixth possible implementation of the second aspect, in a seventh possible implementation
of the second aspect, the time-frequency resource includes a time domain subframe number and a frequency domain
resource block; and

the time domain subframe number is determined according to a subframe number of a subframe in which the second
message is located, or is indicated by using a random access message; and the random access message includes at
least one of a message 1, a message 2, a message 3, or a message 4 in embodiments.

[0034] With reference to the seventh possible implementation of the second aspect, in an eighth possible implemen-
tation of the second aspect, that the time domain subframe number is determined according to a subframe number of
a subframe in which the second message is located includes:

when AT+é>Tp, a subframe number of a subframe that is on the target sub-band and that is closest to a current
moment is the time domain subframe number; or

when AT+§£TP, a subframe number of a next subframe of a subframe that is on the target sub-band and that is
closest to a current moment is the time domain subframe number, where

AT is a time difference between the current moment and a start moment of the subframe that is on the target sub-
band and that is closest to the current moment, Jis a timing advance, and Tp is a scheduling processing time of the
target sub-band.

[0035] With reference to the first to the eighth possible implementations of the second aspect, in a ninth possible
implementation of the second aspect, the source sub-band and the target sub-band are corresponding to different
transmission time intervals TTls.
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[0036] With reference to the first to the ninth possible implementations of the second aspect, in a tenth possible
implementation of the second aspect, the method further includes:

receiving, on another sub-band other than the target sub-band, a scheduling request SR by using a physical uplink
control channel PUCCH of the target sub-band; or

receiving, on another sub-band other than the target sub-band, an SR by adding the SR to the data received on the
target sub-band.

[0037] According to athird aspect, an embodiment of the presentinvention provides a sub-band scheduling apparatus,
where the apparatus is used in a random access process and includes:

a sending module, configured to send, to a base station on a source sub-band, a firstmessage that carries information
about a data attribute requirement of to-be-transmitted data, where the information about the data attribute require-
ment includes at least one of the following: a transmission delay, a transmission delay type, a data bandwidth
requirement, or a packet loss sensitivity;

a receiving module, configured to receive, from the base station on the source sub-band, a second message that
carries sub-band information of a target sub-band, where the target sub-band is a sub-band that is scheduled by
the base station and that meets the data attribute requirement of the to-be-transmitted data, and the sub-band
information includes at least one of the following: a sub-band number, a sub-band frequency channel number, a
timing advance, an uplink resource allocated by the base station, a sub-band sending power level, or a bandwidth; and
a processing module, configured to transmit data on the target sub-band according to the sub-band information of
the target sub-band.

[0038] Accordingtoafourth aspect,anembodimentofthe presentinvention provides a sub-band scheduling apparatus,
where the apparatus is used in a random access process and includes:

a receiving module, configured to receive, from a user terminal on a source sub-band, a first message that carries
information about a data attribute requirement of to-be-transmitted data, where the information about the data
attribute requirement includes at least one of the following: a transmission delay, a transmission delay type, a data
bandwidth requirement, or a packet loss sensitivity;

a sending module, configured to send, to the user terminal on the source sub-band, a second message that carries
sub-band information of a target sub-band, where the target sub-band is a sub-band that is scheduled for the user
terminal and that meets the data attribute requirement of the to-be-transmitted data, and the sub-band information
includes at least one of the following: a sub-band number, a sub-band frequency channel number, a timing advance,
an uplink resource allocated to the user terminal, a sub-band sending power level, or a bandwidth; and

a processing module, configured to transmit data on the target sub-band according to the sub-band information of
the target sub-band.

[0039] The embodiments of the present invention provide the sub-band scheduling method. The information about
the data attribute requirement of the to-be-transmitted data is sent to the base station, and the base station feeds back,
according to the information about the data attribute requirement, the corresponding sub-band information. The user
terminal may perform scheduling from the source sub-band to the target sub-band according to the indication of the sub-
band information, where a sub-band characteristic of the target sub-band may meet the data attribute requirement of
the to-be-transmitted data. Further, a TTI corresponding to the target sub-band matches a data attribute of the to-be-
transmitted data. According to the embodiments provided in the present invention, a target sub-band that is suitable for
transmitting current data or a current service may be quickly accessed, so as to implement a quick data or service
transmission process on the target sub-band.

BRIEF DESCRIPTION OF DRAWINGS

[0040] To describe the technical solutions in the embodiments of the present invention more clearly, the following
briefly describes the accompanying drawings required for describing the embodiments. Apparently, the accompanying
drawings in the following description show merely some embodiments of the present invention, and a person of ordinary
skill in the art may still derive other drawings from these accompanying drawings without creative efforts.

FIG. 1 is a contention-based random access process;
FIG. 2 is a schematic diagram of sub-band division;
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FIG. 3 shows a sub-band scheduling method according to Embodiment 1 of the present invention;

FIG. 4 shows another sub-band scheduling method according to Embodiment 1 of the present invention;
FIG. 5 shows a sub-band scheduling method according to Embodiment 2 of the present invention;

FIG. 6 shows a signature obtaining method according to Embodiment 2 of the present invention;

FIG. 7 shows an example of determining a subframe number according to Embodiment 3 of the present invention;
FIG. 8 shows a scheduling request sending method according to Embodiment 4 of the present invention;
FIG. 9 shows an SR transmission method according to Embodiment 4 of the present invention;

FIG. 10 shows a sub-band scheduling apparatus according to an embodiment of the present invention;
FIG. 11 shows a sub-band scheduling apparatus according to an embodiment of the present invention;
FIG. 12 shows a sub-band scheduling apparatus according to an embodiment of the present invention; and
FIG. 13 shows a sub-band scheduling device according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0041] The following clearly and completely describes the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings in the embodiments of the present invention. Apparently, the
described embodiments are merely some but not all of the embodiments of the present invention. All other embodiments
obtained by a person of ordinary skill in the art based on the embodiments of the present invention without creative
efforts shall fall within the protection scope of the present invention.

[0042] Inthe embodiments of the presentinvention, a user terminal, also referred to as user equipment (English: User
Equipment, UE for short), a mobile terminal (English: Mobile Terminal), mobile user equipment, or the like, may com-
municate with one or more core networks through a radio access network (English: Radio Access Network, RAN for
short). The user equipment may be a mobile terminal, such as a mobile phone (also referred to as a "cellular" phone)
and a computer with a mobile terminal. For example, the user terminal may be a portable, pocket-sized, handheld,
computer built-in, or in-vehicle mobile apparatus, which exchanges voice and/or data with the radio access network.
[0043] A base station (English: Base Station, BS for short) may be a base transceiver station (referred to as a base
transceiver station) in the GSM or CDMA, or may be a NodeB (referred to as NodeB) in the WCDMA, or may be an
evolved NodeB (English: evolutional Node B, eNB or e-NodeB for short) in the LTE, or a base station in an evolved
public land mobile network (English: Public Land Mobile Network, PLMN for short) communications system (a "5G
network" or a "5G system" for short) in the future. This is not limited in the present invention.

[0044] In a future communications system, a band or a carrier may be divided into multiple sub-bands, and a quantity
of sub-bands and a bandwidth of each sub-band are not limited. As shown in FIG. 2, FIG. 2 is a schematic diagram of
sub-band division.

[0045] In a frequency domain, a band or a carrier of a specific bandwidth may be divided into several sub-bands, for
example, four sub-bands in FIG. 2. Channels occupied by a sub-band 1, a sub-band 2, and a sub-band 3 are traffic
channels (or data channels) (in FIG. 2, other parts other than a part marked in gray may be considered as traffic channels
or data channels). After completing accessing, a user needs to transmit data on these sub-bands. One sub-band is
corresponding to one TTI. All these sub-bands may be corresponding to different TTls, or some of these sub-bands may
be corresponding to a same TTI. Frame structures of frames transmitted on these sub-bands should be able to support
different TTls, that is, a frame structure of a frame transmitted on each sub-band should be able to support a TTI
corresponding to the sub-band. A channel occupied by a common sub-band (a part marked in gray in FIG. 2) is acommon
channel, and may be further considered as a common control channel or a random access control channel. Random
access is initiated mainly on the common sub-band. Sub-band division in duration of one radio frame does not change,
but sub-band division in duration of multiple radio frames may change. For example, in FIG. 2, when a sub-band is
updated, a sub-band 1 and a sub-band 2 in a current radio frame are combined into a sub-band 1 in a next radio frame.
Certainly, sub-band division may remain unchanged or partial sub-band division changes.

[0046] Each sub-band may be corresponding to a different TTI length, and different TTI lengths match different types
of service requirements or data transmission requirements. Therefore, a sub-band used for transmission needs to be
selected according to a service requirement or a data transmission requirement. The embodiments of the present
invention provide a sub-band scheduling method, a user terminal may perform scheduling from a common sub-band to
a target sub-band in a random access process (generally, the target sub-band is corresponding to a particular TTI or
the target sub-band is corresponding to a TTI that meets the service requirement or the data transmission requirement).
Further, in a sub-band scheduling process, random access on the target sub-band may be implemented, so as to
implement quick data transmission on the target sub-band.

[0047] In addition, the sub-band scheduling method provided in the embodiments of the present invention may be
used in a scenario of cross-carrier and multiple different TTls.

[0048] When the user terminal is to access a network or perform random access, the user terminal selects a sub-band
or a common sub-band for initiating access to the base station. Then, the base station schedules or allocates an appro-
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priate sub-band for the user terminal according to information about a data attribute requirement of data that is to be
transmitted by the user terminal or information about a service attribute of a to-be-transmitted service. For ease of
description, the sub-band or the common sub-band selected by the user terminal is referred to as a "source sub-band",
and the sub-band scheduled or allocated by the base station for the user terminal is referred to as a target sub-band in
the following. Specifically, the sub-band scheduling method provided in the embodiments of the present invention in-
cludes:

sending, by the user terminal to the base station on the source sub-band, a first message that carries information
about a data attribute requirement of to-be-transmitted data, where the information about the data attribute require-
ment includes at least one of the following: a transmission delay, a transmission delay type, a data bandwidth
requirement, or a packet loss sensitivity;

receiving, by the user terminal from the base station on the source sub-band, a second message that carries sub-
band information of the target sub-band, where the target sub-band is a sub-band that is scheduled by the base
station and that meets the data attribute requirement of the to-be-transmitted data, and the sub-band information
includes at least one of the following: a bandwidth, a timing advance, or an uplink resource allocated by the base
station; and

transmitting data on the target sub-band according to the sub-band information of the target sub-band.

[0049] Optionally, the "source sub-band" is a sub-band for signaling interworking before sub-band scheduling is com-
pleted or a sub-band on which access is initiated, and is for distinguishing from the target sub-band. The source sub-
band may be a common sub-band or even be any sub-band other than the target sub-band. The target sub-band is a
sub-band for signaling interworking after the sub-band scheduling is completed. Further, the base station schedules or
allocates, for the user equipment according to the information that is about the data attribute requirement of the to-be-
transmitted data and that is sent by the user equipment, the target sub-band that meets the data attribute requirement,
so that the user equipment transmits data or communicates on the target sub-band. It should be noted that in some
special cases, the source sub-band and the target sub-band may be a same sub-band. When the target sub-band and
the source sub-band are a same sub-band, sub-band scheduling or new target sub-band reallocating does not need to
be performed, and communication is directly performed on the source sub-band. Further, in this case, the source sub-
band should also meet the data attribute requirement of the to-be-transmitted data.

[0050] Optionally, the sub-band scheduling method provided in the embodiments of the present invention is used in
a random access process.

[0051] Optionally, the source sub-band and the target sub-band are corresponding to different TTls. Particularly, when
the source sub-band and the target sub-band are a same sub-band, the source sub-band and the target sub-band are
corresponding to a same TTI.

[0052] Specifically, the transmitting data on the target sub-band according to the sub-band information of the target
sub-band may include: after receiving the sub-band information of the target sub-band that is sent by the base station,
the user terminal may preform scheduling from the source sub-band to the target sub-band according to the sub-band
information of the target sub-band. For example, the user terminal adjusts time synchronization according to the timing
advance in the sub-band information, and transmits data on the uplink resource indicated by the sub-band information.
[0053] According to the sub-band scheduling method provided in the embodiments of the present invention, a target
sub-band that is suitable for transmitting current data or a current service may be randomly accessed quickly, so as to
implement a quick data or service transmission process on the target sub-band.

[0054] In an LTE system, contention-based random access is generally completed by using four messages: A first
message (a message 1) carries a preamble used for random access, and a function of the preamble is to prevent conflict
and collision. A base station detects a timing advance of a user terminal by using the preamble, and distinguishes
between different user terminals by using the preamble. A second message (a message 2) is arandom access response
message and is used to notify the user terminal that the base station detects the preamble sent by the user terminal.
The timing advance of the user terminal is adjusted, so that a time at which data subsequently transmitted by the user
terminal arrives at the base station meets a detection requirement of the base station. It should be noted that, that the
user terminal receives the message 2 does not indicate that the user terminal has accessed the base station. A third
message (a message 3) is used for transmitting a non-access stratum message by the user terminal to the base station,
and is a message submitted by a higher layer to a MAC layer. After receiving the third message, the base station returns
a contention resolution message (a message 4) to the user terminal, and the user terminal determines, by using the
message 4, whether contention for random access of the user terminal succeeds. Further, it may be considered that
the message 1 is a message used to carry the random access preamble, the message 2 is the random access response
message, the message 3 is the non-access stratum message, and the message 4 is the contention resolution message.
For ease of description, the message 1, the message 2, the message 3, and the message 4 are directly used in the
following embodiments.
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[0055] Further, in the foregoing embodiment, the first message may be the message 3 in the random access process,
and the second message may be the message 4 in the random access process. Alternatively, the first message is the
message 1 in the random access process, and the second message is the message 2 in the random access process.
The following embodiments provide detailed description or other details for the sub-band scheduling method, and details
are as follows:

Embodiment 1

[0056] When auserterminal performs random access, in a start stage, a base station cannot obtain service information
of the user terminal, and cannot determine which TTI used by the user terminal for service transmission is optimal.
Therefore, a corresponding TTI sub-band can be selected only after the user terminal notifies the base station of a data
attribute or a service type. In a conventional random access process, the user terminal generally adds a non-access
stratum (English: Non Access Stratum, NAS for short) message to a third message for random access, that is, a message
3, and the base station does not parse content of the non-access stratum message. However, if the base station needs
to schedule a sub-band for data transmission according to the data attribute or the service type, the base station needs
to learn of information about a data attribute requirement of data that is to be transmitted by the user terminal or a service
type of a to-be-transmitted service. By enhancing or improving the conventional random access process, the sub-band
scheduling method provided in Embodiment 1 of the present invention can adapt to a scenario in which a frame structure
in a future communications system supports multiple TTls.

[0057] FIG. 3 shows the sub-band scheduling method according to Embodiment 1 of the presentinvention. In a system
that supports a multi-TTI frame structure or in a future communications system, a sub-band scheduling process is shown
in FIG. 3.

[0058] In contention-based random access, a message 1 and a message 2 shown in FIG. 3 have same functions as
a message 1 and a message 2 in the conventional random access process (a specific structure may be different). For
a message 3, a difference from the conventional random access process is that information about a data attribute
requirement is carried in the message 3. The information about the data attribute requirement includes at least one of
the following: a transmission delay, a transmission delay type, a data bandwidth requirement, or a packet loss sensitivity.
Further, the message 3 may further include a sub-band sending power level.

[0059] Atfter receiving the message 3, the base station selects an appropriate target sub-band for the user terminal
according to the information about the data attribute requirement and resource information of all sub-bands, and sends
sub-band information of the target sub-band to the user terminal by using a message 4. The target sub-band is a sub-
band that meets the data attribute requirement. Specifically, the message 4 carries the sub-band information of the
target sub-band, and the sub-band information may specifically include at least one of the following: a sub-band number,
a sub-band frequency channel number, timing advance or timing advance (English: Timing Advance, TA for short)
information, an uplink resource allocated by the base station, a sub-band sending power level, a bandwidth, or the like.
Certainly, the message 4 may also include conventional UL grant resource information. The sub-band information may
be carried in a Media Access Control (English: Media Access Control, MAC for short) layer control element (English:
Control Element, CE for short), and a UL grant resource is a resource on the target sub-band.

[0060] After receiving the message 4, the user terminal obtains the sub-band information (for example, the TA infor-
mation and the UL grant resource information), performs synchronization (that is, sub-band synchronization) on a sub-
band (that is, the target sub-band) indicated by the sub-band information, and performs first uplink transmission on the
UL grant resource. Further, uplink synchronization (sub-band synchronization) on the sub-band indicated by the sub-
band information herein is different from conventional synchronization. In the conventional synchronization, timing syn-
chronization needs to be performed by using a synchronization sequence. In the sub-band synchronization herein,
different sub-bands are corresponding to different TTls, and therefore subframe boundaries of the sub-bands may be
not aligned. When a user needs to perform transmission on a specified sub-band, subframe boundary alignment, that
is, the uplink synchronization, needs to be first completed on a specified target sub-band. Start locations of all sub-bands
on a radio frame are aligned, that is, the user terminal implements frame synchronization. Therefore, during sub-band
synchronization, subframe alignment may be implemented by adjusting a TA (for details, refer to Embodiment 3), and
a synchronization signal is not required to implement synchronization. Therefore, the sub-band synchronization herein
is different from general synchronization. It should be noted that the target sub-band in the sub-band scheduling process
may be a common sub-band.

[0061] FIG. 4 shows another sub-band scheduling method according to Embodiment 1 of the present invention. As
shown in FIG. 4, in non-contention based random access, if the sub-band information of the target sub-band is sent to
the user terminal, there may be two solutions: One solution is that the sub-band information of the target sub-band is
sent to the user terminal by using a switching message (as shown in FIG. 4(a)). The other solution is that the sub-band
information of the target sub-band is carried in the message 2 (as shown in FIG. 4(b)). It should be understood that the
message 2 may further carry sub-band information of another sub-band.
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[0062] A non-contention based sub-band scheduling process includes: providing, by a source base station, sub-band
information (specifically, the sub-band information may include at least one of the following: a sub-band number, sub-
band TTI information, or a frequency domain resource location, and may further include an earliest scheduled resource
and a resource allocated to a physical uplink control channel (English: Physical Uplink Control Channel, PUCCH for
short)) of a target base station for the user terminal by using a switching message, and sending, by the source base
station, the sub-band information to the user terminal by using an air-interface switching message. After receiving the
sub-band information, the user terminal directly performs synchronization on a sub-band (that is, a sub-band indicated
in the switching message) corresponding to the target base station. After the synchronization is completed, a physical
downlink control channel (English: Physical Downlink Control Channel, PDCCH for short) may be monitored to obtain
scheduling resource information or an uplink resource is requested by using an indicated PUCCH resource.

[0063] If the switching message does not carry the sub-band information of the target base station, but includes a
dedicated preamble, the user terminal may perform random access on the target base station by using the specified
preamble. After receiving the preamble, the target base station sends information about a scheduled sub-band and TA
information to the user terminal by adding the information about a scheduled sub-band and the TA information to the
message 2.

Embodiment 2

[0064] If a base station can learn a service transmission requirement (or a data transmission requirement) of a user
terminal in advance, the base station can complete sub-band scheduling on a target sub-band. To complete the sub-
band scheduling on the target sub-band, the user terminal needs to notify, in advance, the base station of information
about a data attribute requirement (for example, a TTI requirement) of data that is to be transmitted by the user terminal.
The user terminal transmits only a message 1 before a message 3. Therefore, the message 1 is the only message that
may carry the information about the data attribute requirement. If the message 1 carries the information about the data
attribute requirement, the base station may adjust a TA of the user terminal by using a message 2, and allocate a UL
grant resource for the user terminal. The UL grant resource is a resource used for service scheduling on the target sub-
band.

[0065] FIG. 5 shows a sub-band scheduling method according to Embodiment 2 of the present invention. As shown
in FIG. 5(a), the message 1 and the message 2 are transmitted on a source sub-band (for example, a common sub-
band in FIG. 5(a)), and the message 3 and a message 4 are transmitted on a scheduled target sub-band (for example,
a sub-band 2 in FIG. 5(a)). To implement sub-band scheduling, data attribute information needs to be carried in the
message 1. Specifically, signature information may be carried by using a preamble. Each signature represents one type
of data attribute, so that the message 1 carries the information about the data attribute requirement. Description is
provided by using an example in which a data attribute requirement is a TTI requirement. It may be expected that a
quantity of different TTls supported in a future communications system may be not random, and several TTls that need
to be supported in a system are generally defined. Currently, subcarrier intervals (different subcarrier intervals are
corresponding to different TTls) are 3.75 KHz (Ts=226.7ps), 7.5 KHz (Ts=133.3us), 15 KHz (Ts=66.7us), 30 KHz
(Ts=33.3us), 60 KHz (Ts=16.7ps) and the like. These subcarrier intervals can basically meet a service requirement.
Certainly, the subcarrier intervals may be expanded according to a requirement. The subcarrier intervals are only an
example herein. Each TTl is corresponding to a specific subcarrier interval. Even different TTls may be corresponding
to a same subcarrier interval, but each different TTI includes a different quantity of symbols. For example, a signature
is allocated to each TTI, as shown in Table 1.

Table 1 Comparison table between signatures and

TTls
TTI Signature
TTI-1 Signature 1
TTI-2 Signature 2
TTI-3 Signature 3
TTI-4 Signature 4
TTI-5 Signature 5

[0066] Table 1 shows only an example. A specific TTI length and quantity are not limited in this embodiment of the
presentinvention, and a similar method may be extended. A specific TTl length and signature code (that s, code obtained
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after each signature is coded) are not given in Table 1. For example, the signature code may be code division multiple
access (English: Code Division Multiple Access, CDMA for short) code, low density signature (English: Low Density
Signature, LDS for short) code, sparse code multiple access (English: Sparse Code Multiple Access, SCMA for short)
code, or the like.

[0067] At a transmit end, when the user terminal sends a preamble, signature code and a selected preamble are
multiplied or a selected preamble is multiplied or scrambled by using signature code (or scrambling code) to carry the
signature information, so as to send the information about the data attribute requirement to a receive end (for example,
the base station in FIG. 5). At the receive end, the base station performs, by using the signature code, an operation on
a signal obtained after matched filtering, and then performs signal energy accumulation. A preamble may be obtained
by means of a related operation or a preamble is obtained by means of descrambling.

[0068] After detecting the preamble, and obtaining the information about the data attribute requirement of the user
terminal (for example, a method shown in FIG. 6), the base station sends, to the user terminal, the message 2 that
carries sub-band information of the target sub-band. For example, the sub-band information may include one or more
of the following: a sub-band number, a sub-band frequency channel number, a timing advance, an uplink resource
allocated by the base station, a sub-band sending power level, or a bandwidth. Alternatively, the sub-band information
may include one or more of the following: access resource information, TA adjustment information, or power transmit
information.

[0069] After receiving the message 2, the user terminal performs scheduling to the target sub-band according to the
obtained sub-band information. Specifically, the user terminal calculates a TA adjustment amount of the target sub-band
according to the TA adjustment information or directly performs TA adjustment by using the TA adjustment information
(a specific TA adjustment manner depends on a TA adjustment method defined in a system, and for details, refer to
Embodiment 3), and transmits the message 3 and the message 4 on the target sub-band. A difference from a conventional
random access process is that when the user terminal completes transmission of the message 3 on the target sub-band
for the first time, the base station may indicate, in the message 4, that the user terminal performs TA adjustment again,
so that transmission synchronization between the user terminal and the base station is more precise.

[0070] FIG. 6 shows a signature obtaining method according to Embodiment 2 of the present invention. As shown in
FIG. 6, after matched filtering is performed on a received signal (for example, the message 1 in FIG. 5) at a receive end
(for example, the base station in FIG. 5), an operation is performed on the signal and each signature. Each tributary
signal obtained after the operation passes through an accumulator to accumulate signal energy. Then, energy detection
is performed on each output tributary signal, and when energy exceeds a threshold, it is considered that a preamble is
received. Signature code corresponding to a tributary whose energy exceeds a threshold is signature code used by a
transmit end (for example, the user terminal in FIG. 5). In addition, in FIG. 6, n is a quantity of signature code, mis a
quantity of preambles, Ts is a part of a correlator.

Embodiment 3

[0071] In conventional communications system, a base station performs scheduling for a user terminal. Because of
a limit on a system processing capability, a resource allocated by the base station is a resource in a subframe after four
subframes following a current subframe. That is, a location of (1+4) is a start location of a resource allocated to the user
terminal, and 1 is a current subframe location.

[0072] In a system supporting a multi-TTI frame structure, when the user terminal performs scheduling from a current
sub-band to a target sub-band for transmission, a subframe number of the target sub-band needs to be determined (that
is, a start location of the resource allocated to the user terminal needs to be determined). Waveforms of sub-bands
corresponding to different TTls are different, and therefore start locations of subframes on different sub-bands may be
different. When a subframe number of a resource scheduled on the target sub-band is determined, two factors need to
be considered: One is a TA that needs to be adjusted by the user terminal because of a distance from the base station.
The other is a time deviation of subframe start locations on two different sub-bands. The time deviation may be used to
determine whether the start location of the resource allocated by the base station is at a start location of a next subframe
on the target sub-band or a start location of a second next subframe on the target sub-band.

[0073] There may be two methods for determining the subframe number of the resource scheduled on the target sub-
band: One is carrying the start location of the resource allocated on the target sub-band during scheduling of random
access. The other is that the user terminal automatically calculates, according to a scheduling subframe location received
on the current sub-band, a subframe number (or a subframe location) that is on the target sub-band and that is allocated
by the base station to the user terminal. The first method is relatively simple, that is, during allocation of a UL grant
resource for random access, a subframe number (or a subframe location) is specified. This method is relatively easy to
be implemented, but brings signaling overheads.

[0074] There are two solutions for the second method. One solution is that a TA is considered, and the other solution
is that a TA is not considered. When the TA is not considered, the method is relatively simple, but an advantage of
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considering the TA is that scheduling is more precise, and is more timely. If the TA is a negative value, timing is shifted
forwards. This may cause the user terminal to miss scheduling for one time. Because current processing is not completed,
sending cannot be performed at a preset sending moment. If the TA is a positive value, timing is shifted backwards. A
transmission delay is caused. This may cause a case in which sending might have been performed at a preset moment,
but is not performed. Embodiment 3 of the present invention provides a method for calculating the subframe number of
the resource scheduled on the target sub-band when the TA is considered, and details are as follows:

It is assumed that a radio frame length T;is a constant, and it is assumed that the user terminal is changed to a jt sub-

band from an ith sub-band, a subframe length of the ith sub-band is Y;S and a subframe length of the jth sub-band is

TjS It is assumed that frame synchronization has been performed on different sub-bands, TTIs corresponding to

different sub-bands are in a multiple relationship or subframe lengths of different sub-bands are in a multiple relationship.
It should be noted that if start boundaries of subframes are aligned, TTls corresponding to different sub-bands may be
not in a multiple relationship, or subframe lengths of different sub-bands may be not in a multiple relationship.

[0075] When 7;5 > TjS a subframe start boundary of the ith sub-band is a subframe start boundary of the jt" sub-

band. Therefore, a subframe boundary deviation between the two sub-bands is 0. In this case, when a timing deviation
is adjusted, only TA=6 (dis a real number) needs to be considered. It is assumed that a processing delay of the base
station is Tp, and a subframe number of a current sub-band is k. A subframe number corresponding to a start location

S

T,
of aresource scheduled onthe target sub-bandis (¥ + 1) x TIS + [(T,, +6)/ T/} —| r@iindicates rounding
J

down performed on @.

[0076] When 7;5 < TjS it is assumed that a subframe number of a current sub-band is k. A time difference between

a subframe and a start moment of a radio frame in which the subframe is located is (k +1)><7;S and a subframe

2

number of a target sub-band corresponding to the time difference is L(k +1)x Tis / TjS J Therefore, a time difference
between a current moment and a start location of a next subframe of a subframe corresponding to the current moment
onthetargetsub-bandis AT = (L(k +1)x Tis / TjS J +1)x TjS —(k+1)x Tis Therefore, when TA=5is considered,

a total time difference is AT+4. It is assumed that a processing delay is T,. A difference between a start location of a
resource allocated on the target sub-band and the current moment is at least Tp. If AT+5>TP, a subframe number

corresponding to the start location of the resource is L(k +1)x Tis / TjS J +1 AT+ T,, @ subframe number corre-

sponding to the start location of the resource scheduled. on the target sub-band is
L(k +D)XT?® /TjSJ N ((Tp -0-AT)/ T]S—‘ L@ indicates rounding up performed on ®.

[0077] Forexample, FIG.7 is an example of determining a subframe number according to Embodiment 3 of the present
invention. As shown in FIG. 7, there are five sub-bands in total, TTIs corresponding to the five sub-bands are respectively
5ms, 2 ms, 1 ms, 0.5 ms, and 0.25 ms. It should be noted that a subframe length of a sub-band with a 5-ms TTl and a
subframe length of a sub-band with a 2-ms TTI are not in a multiple relationship. A frame with a 1-ms TTI is used as an
example, and scheduling from a sub-band with a 1-ms TTI to another sub-band is considered. If a frame structure design
in a future communications system is compatible with communications systems of LTE and another earlier version, a
sub-band with a moderate TTI, for example, a sub-band with a 1-ms TTI, may be selected as a common sub-band. Itis
assumed that a radio frame (or referred to as a super frame) is 10 ms. Subframes in a super frame in each sub-band
are numbered in sequence, and a start subframe number is 0. As shown in FIG. 7, in a sub-band with a 0.25-ms TTI,
one frame (super frame) includes 40 subframes, and for a sub-band with a 5-ms TTI, one frame includes two subframes,
and so on.

[0078] For example, itis assumed that a processing delay of the base station is 2 ms. It can be seen from FIG. 7 that
if scheduling (for example, the message 4 in FIG. 3 or the message 2 in FIG. 5) is received at a second subframe (a
subframe 1 witha 1-ms TTI) with a 1-ms TTI, scheduling (for example, sub-band synchronization in FIG. 3 or the message
3 in FIG. 5) on a target sub-band (with a 2-ms TTI) is in a subframe 2. If scheduling is received at a third subframe (a
subframe 2 with a 1-ms TTI) with a 1-ms TTI, scheduling on a target sub-band can be performed only in a subframe 3.
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[0079] It should be understood that according to a subframe number determining method, a subframe number may
be directly obtained by means of calculation according to a formula provided in this embodiment of the present invention,
or a table may be obtained according to the method provided in this embodiment of the present invention, and a subframe
number is determined in a table lookup manner. In addition, because a subframe length of each sub-band is fixed,
determining a subframe number is equivalent to determining a start location of a subframe, and vice versa.

Embodiment 4

[0080] When a future user terminal supports multi-TTI transmission, the user terminal may perform transmission on
multiple sub-bands at the same time. To save power, if the user terminal does not transmit data on a sub-band corre-
sponding to a specific TTI, and a PUCCH is not configured on the sub-band, when the user terminal needs to perform
uplink data transmission on the sub-band, a conventional method is that the user terminal performs uplink scheduling
request (English: Scheduling Request, SR for short) transmission by initiating a random access process. However, when
the user terminal configures a PUCCH or transmits data on another sub-band, the method of performing uplink scheduling
request transmission by initiating a random access process wastes system resources and causes a data transmission
delay.

[0081] For this problem, an effective method is providing an independent MAC for each TTI (or for each sub-band),
so that scheduling and transmission in a system are more efficient. Therefore, when an SR needs to be sent on a sub-
band corresponding to a specific TTI, if a PUCCH resource is not configured on the sub-band (or a physical channel)
corresponding to the current TTI, the SR may be sent on a resource on a sub-band corresponding to another TTI.
[0082] FIG. 8 shows a scheduling request sending method according to Embodiment 4 of the present invention. As
shown in FIG. 8, an upper portion in FIG. 8 indicates an example of an independent MAC (or an independent MAC
entity) supporting multiple TTls. A sub-band corresponding to each TTI has a MAC entity (a TTI1 MAC, a TTI2 MAC,
..., and a TTlk MAC that are one-to-one corresponding to sub-bands). When data needs to be sent on a sub-band 1,
and no PUCCH is configured and no data is sent on the sub-band 1 in this case, an SR may be sent by using a resource
on a sub-band 2, and the SR may be sent together with data on the sub-band 2. If no data is sent on the sub-band 2,
sending may be performed by using a PUCCH of the sub-band 2.

[0083] FIG. 9 shows an SR transmission method according to Embodiment 4 of the present invention. As shown in
FIG. 9, the user terminal determines a sub-band (that is, a target sub-band) used for sending an SR, and sends the SR
and a buffer status report (English: Buffer Status Report, BSR for short) to a MAC entity of the target sub-band. The
target sub-band adds the SR to to-be-sent data, or sends the SR by using a PUCCH.

[0084] The SR includes at least sub-band information of a source sub-band (the sub-band 1 in FIG. 8). If the SR is
sent by using the PUCCH, the target sub-band instructs a physical layer to send the SR, and the SR includes the sub-
band information of the source sub-band. If data is sent on the target sub-band, a base station is instructed, by adding
a BSR (a MAC layer command) to the data, to allocate a resource to the source sub-band, and the BSR may further
carry the sub-band information of the source sub-band.

[0085] After the SR or the BSR is sent to the target sub-band (or the MAC entity of the target sub-band), a PDCCH
on the target sub-band is monitored on the source sub-band (or a MAC entity of the source sub-band). After receiving
the request, the base station allocates a resource to the source sub-band. The base station sends the allocated resource
to the source sub-band. Specifically, there may be two sending methods. A first method is directly sending an allocated
UL grantresource on a PDCCH of the source sub-band. Because the source sub-band monitors the PDCCH, this method
is implemented relatively directly. A second method is performing sending by using the target sub-band, and performing
sending to the sending sub-band by using the target sub-band. If sending is performed by using the target sub-band,
after the SR or the BSR is sent, the user terminal does not need to monitor the PDCCH (in FIG. 9, the user terminal
does not need to monitor the PDCCH on the target sub-band). A disadvantage of the second method is that the allocated
UL grant resource needs to be sent on the target sub-band to the source sub-band, and this causes a delay.

[0086] After the allocated resource is received on the source sub-band, data is sent on the resource. Further, to
improve PUCCH resource utilization, a PUCCH may be configured on only one sub-band in a system supporting multiple
TTls, and a PUCCH does not need to be configured on each sub-band.

[0087] Corresponding to the foregoing method embodiments, an embodiment of the present invention further provides
a sub-band scheduling apparatus. Referring to FIG. 10, the apparatus is used in a random access process and includes:

a sending module 1001, configured to send, to a base station on a source sub-band, a first message that carries
information about a data attribute requirement of to-be-transmitted data, where the information about the data
attribute requirement includes at least one of the following: a transmission delay, a transmission delay type, a data
bandwidth requirement, or a packet loss sensitivity;

a receiving module 1003, configured to receive, from the base station on the source sub-band, a second message
that carries sub-band information of a target sub-band, where the target sub-band is a sub-band that is scheduled
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by the base station and that meets the data attribute requirement of the to-be-transmitted data, and the sub-band
information includes at least one of the following: a sub-band number, a sub-band frequency channel number, a
timing advance, an uplink resource allocated by the base station, a sub-band sending power level, or a bandwidth; and
a processing module 1002, configured to transmit data on the target sub-band according to the sub-band information
of the target sub-band.

[0088] Steps performed when the sending module 1001, the receiving module 1003, and the processing module 1002
implement corresponding functions have been described in detail in the method embodiments, and details are not
described herein again.

[0089] Optionally, the source sub-band and the target sub-band are corresponding to different TTls.

[0090] Specifically, that the data is transmitted on the target sub-band according to the sub-band information of the
target sub-band may include: after receiving the sub-band information of the target sub-band that is sent by the base
station, a user terminal may preform scheduling from the source sub-band to the target sub-band according to the sub-
band information of the target sub-band, adjust time synchronization according to the timing advance in the sub-band
information, and transmit data on the uplink resource indicated by the sub-band information.

[0091] Further, the apparatus further includes: a synchronization module, configured to perform sub-band synchroni-
zation on the target sub-band.

[0092] Some technical features involved, for example, sub-band synchronization, signature information, and subframe
number determining, are similar to or corresponding to some technical features involved in the method embodiments of
the present invention, and are not described again in this embodiment.

[0093] Corresponding to the foregoing method embodiments, an embodiment of the present invention further provides
a sub-band scheduling apparatus. Referring to FIG. 11, the apparatus is used in a random access process and includes:
a physical transceiver module, multiple MAC processing modules, a MAC control module, and multiple data scheduling
modules.

[0094] A data scheduling unit is configured to schedule, according to information about a data attribute requirement
of to-be-transmitted data, data that has same information about a data attribute requirement in a same MAC processing
module. Optionally, information about a data attribute requirement is corresponding to a TTI (or a TTI requirement).
Therefore, data that has a same TTI requirement may be scheduled in a same MAC processing module.

[0095] A MAC processing module is configured to perform MAC layer processing. The MAC layer processing includes
parsing and encapsulating a random access message (for example, a message 1, a message 2, a message 3, or a
message 4), receiving data of the data scheduling module, and the like. Specifically, the MAC layer processing is
performed on data transmitted from the data scheduling module. Optionally, different MAC processing modules are
corresponding to different TTls, that is, different MAC processing modules process data corresponding to different TTls.
[0096] The MAC control module is configured to implement message transmission between the multiple MAC process-
ing modules. Specifically, during scheduling from a sub-band to another sub-band, a source MAC processing module
needs to notify a target MAC processing module. The source MAC processing module sends, by using the MAC control
module, timing adjustment information (that is, subframe delimitation information, and in this case, sub-band information
needs to include the timing adjustment information) to the target MAC processing module according to sub-band infor-
mation (the sub-band information meets the data attribute requirement of the to-be-transmitted data) received from a
base station. In this case, the to-be-transmitted data may be transmitted by using the target MAC processing module.

[0097] The physical transceiver module is configured to send data transmitted from the multiple MAC processing
modules, and/or send received data thatis obtained by means of physical layer processing to the multiple MAC processing
modules.

[0098] Some technical features involved, for example, sub-band synchronization, signature information, and subframe
number determining, are similar to or corresponding to some technical features involved in the method embodiments of
the present invention, and are not described again in this embodiment.

[0099] Corresponding to the foregoing method embodiments, an embodiment of the present invention further provides
a sub-band scheduling apparatus. Referring to FIG. 12, the apparatus is used in a random access process and includes:

a receiving module 1201, configured to receive, from a user terminal on a source sub-band, a first message that
carries information about a data attribute requirement of to-be-transmitted data, where the information about the
data attribute requirement includes at least one of the following: a transmission delay, a transmission delay type, a
data bandwidth requirement, or a packet loss sensitivity;

a sending module 1203, configured to send, to the user terminal on the source sub-band, a second message that
carries sub-band information of a target sub-band, where the target sub-band is a sub-band that is scheduled for
the user terminal and that meets the data attribute requirement of the to-be-transmitted data, and the sub-band
information includes at least one of the following: a sub-band number, a sub-band frequency channel number, a
timing advance, an uplinkresource allocated to the user terminal, a sub-band sending power level, or abandwidth; and
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a processing module 1202, configured to transmit data on the target sub-band according to the sub-band information
of the target sub-band.

[0100] Steps performed when the sending module 1201, the receiving module 1203, and the processing module 1202
implement corresponding functions have been described in detail in the method embodiments, and details are not
described herein again.

[0101] Optionally, the source sub-band and the target sub-band are corresponding to different TTls.

[0102] Specifically, that the processing module 1201 transmits data on the target sub-band according to the sub-band
information of the target sub-band may include: after receiving the sub-band information of the target sub-band that is
sent by the base station, the user terminal may preform scheduling from the source sub-band to the target sub-band
according to the sub-band information of the target sub-band, adjust time synchronization according to the timing advance
in the sub-band information, and transmit data on the uplink resource indicated by the sub-band information.

[0103] Some technical features involved, for example, sub-band synchronization, signature information, and subframe
number determining, are similar to or corresponding to some technical features involved in the method embodiments of
the present invention, and are not described again in this embodiment.

[0104] The sub-band scheduling apparatus provided in this embodiment of the present invention may be used in a
user terminal, a network element node device, or a base station.

[0105] An embodiment of the present invention further provides a processing device. Referring to FIG. 13, the device
includes: a processor 1301, a memory 1302, a transmitter 1303, a receiver 1305, and a bus 1304. The processor 1301,
the memory 1302, the transmitter 1303, and the receiver 1305 are connected by using the bus 1304 for data transmission,
and the memory 1302 is configured to store data processed by the processor 1301.

[0106] The bus 1304 may be an industry standard architecture (Industry Standard Architecture, ISA for short) bus, a
peripheral component interconnect (Peripheral Component, PCI for short) bus, an extended industry standard architec-
ture (Extended Industry Standard Architecture, EISA for short) bus, or the like. This is not limited herein. The bus 1304
may be classified into an address bus, a data bus, a control bus, and the like. For ease of representation, only one bold
line is used in FIG. 13 for representation, but it does not indicate that there is only one bus or one type of bus.

[0107] The memory 1302 is configured to store data or executable program code, and the program code includes a
computer operation instruction and may be specifically an operating system, an application program, or the like. The
memory 1302 may include a high-speed RAM memory, and may further include a non-volatile memory (non-volatile
memory), for example, at least one magnetic disk memory.

[0108] The processor 1301 may be a central processing unit (Central Processing Unit, CPU for short), or an application-
specific integrated circuit (Application Specific Integrated Circuit, ASIC for short), or one or more integrated circuits
configured to implement this embodiment of the present invention.

[0109] The transmitter 1303 and the receiver 1305 are configured to receive and send a message. The processor
1301 is configured to implement the sub-band scheduling method in the foregoing embodiments by executing the program
code in the memory 1302. Some technical features involved, for example, sub-band synchronization, signature infor-
mation, and subframe number determining, are similar to or corresponding to some technical features involved in the
method embodiments of the present invention, and are not described again in this embodiment. A specific process is
not described again.

[0110] It should be understood that sequence numbers of the foregoing processes do not mean execution sequences
in various embodiments of the present invention. The execution sequences of the processes should be determined
according to functions and internal logic of the processes, and should not be construed as any limitation on the imple-
mentation processes of the embodiments of the present invention.

[0111] A person of ordinary skill in the art may be aware that, in combination with the examples described in the
embodiments disclosed in this specification, units and algorithm steps may be implemented by electronic hardware,
computer software, or a combination thereof. To clearly describe the interchangeability between the hardware and the
software, the foregoing has generally described compositions and steps of each example according to functions. Whether
the functions are performed by hardware or software depends on particular applications and design constraint conditions
of the technical solutions. A person skilled in the art may use different methods to implement the described functions
for each particular application, but it should not be considered that the implementation goes beyond the scope of the
present invention.

[0112] It may be clearly understood by a person skilled in the art that, for the purpose of convenient and brief description,
for a detailed working process of the foregoing system, apparatus, and unit, reference may be made to a corresponding
process in the foregoing method embodiments, and details are not described herein again.

[0113] In the several embodiments provided in this application, it should be understood that the disclosed apparatus
and method may be implemented in other manners. For example, the described apparatus embodiment is merely an
example. For example, the unit division is merely logical function division and may be other division in actual implemen-
tation. For example, a plurality of units or components may be combined or integrated into another system, or some
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features may be ignored or not performed. In addition, the displayed or discussed mutual couplings or direct couplings
or communication connections may be implemented through some interfaces, indirect couplings or communication
connections between the apparatuses or units, or electrical connections, mechanical connections, or connections in
other forms.

[0114] The units described as separate parts may or may not be physically separate, and parts displayed as units
may or may not be physical units, may be located in one position, or may be distributed on a plurality of network units.
Some or all of the units may be selected according to actual needs to achieve the objectives of the solutions of the
embodiments of the present invention.

[0115] In addition, functional units in the embodiments of the present invention may be integrated into one processing
unit, or each of the units may exist alone physically, or two or more units are integrated into one unit. The integrated unit
may be implemented in a form of hardware, or may be implemented in a form of a software functional unit. Specifically,
the integrated unit may be implemented by using software in addition to necessary general-purpose hardware. The
general-purpose hardware includes a general-purpose integrated circuit, a general-purpose CPU (English: Central
Processing Unit), a general-purpose digital signal processor (English: Digital Signal Processor, DSP for short), a field
programming gate array (English: Field Programming Gate Array, FPGA for short), a programmable logical device
(English: Programmable Logical Device, PLD for short), a general-purpose memory, a general-purpose component, or
the like. Certainly, alternatively, the integrated unit may be implemented by using an application specific integrated circuit
(English: Application Specific Integrated Circuit, ASIC for short), a special-purpose CPU, a special-purpose memory, a
special-purpose component, or the like.

[0116] When the integrated unit is implemented in the form of a software functional unit and sold or used as an
independent product, the integrated unit may be stored in a computer-readable storage medium. Based on such an
understanding, the technical solutions of the present invention essentially, or the part contributing to the prior art, or all
or some of the technical solutions may be implemented in the form of a software product. The software product is stored
in a storage medium and includes several instructions for instructing a computer device (which may be a personal
computer, a server, or a network device) to perform all or some of the steps of the methods described in the embodiments
of the present invention. The foregoing storage medium includes: any medium that can store program code, such as a
USB flash drive, a removable hard disk, a read-only memory (Read-Only Memory, ROM for short), a random access
memory (Random Access Memory, RAM for short), a magnetic disk, or an optical disc.

[0117] Alternatively, software or an instruction may be transmitted by using a transmission medium. For example, if
software is transmitted from a website, a server or another remote source by using a coaxial cable, an optical fiber/cable,
a twisted pair, a digital subscriber line (English: Digital Subscriber Line, DSL for short) or wireless technologies (such
as infrared ray, radio and microwave), the coaxial cable, optical fiber/cable, twisted pair, DSL or wireless technologies
(such as infrared ray, radio and microwave) are included in definitions of a transmission medium.

[0118] The foregoing descriptions are merely specific embodiments of the present invention, but are not intended to
limit the protection scope of the present invention. Any modification or replacement readily figured out by a person skilled
in the art within the technical scope disclosed in the present invention shall fall within the protection scope of the present
invention. Therefore, the protection scope of the present invention shall be subject to the protection scope of the claims.

Claims
1. A sub-band scheduling method, wherein the method is used in a random access process and comprises:

sending, to a base station on a source sub-band, a first message that carries information about a data attribute
requirement of to-be-transmitted data, wherein the information about the data attribute requirement comprises
at least one of the following: a transmission delay, a transmission delay type, a data bandwidth requirement,
or a packet loss sensitivity;

receiving, from the base station on the source sub-band, a second message that carries sub-band information
of a target sub-band, wherein the target sub-band is a sub-band that is scheduled by the base station and that
meets the data attribute requirement of the to-be-transmitted data, and the sub-band information comprises at
least one of the following: a sub-band number, a sub-band frequency channel number, a timing advance, an
uplink resource allocated by the base station, a sub-band sending power level, or a bandwidth; and
transmitting data on the target sub-band according to the sub-band information of the target sub-band.

2. The method according to claim 1, wherein

the first message is a non-transport layer message; and
the second message is a contention resolution message.
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The method according to claim 2, wherein after the receiving a second message, the method further comprises:
performing sub-band synchronization on the target sub-band.

The method according to claim 1, wherein
the first message is a message used to carry a random access preamble; and
the second message is a random access response message.

The method according to claim 4, wherein after the receiving a second message, the method further comprises:
performing sub-band synchronization on the target sub-band.

The method according to claim 4 or 5, wherein
the random access preamble in the first message carries signature information, and different signatures are corre-
sponding to different data attributes.

The method according to any one of claims 1 to 6, wherein
the uplink resource is a time-frequency resource allocated on the target sub-band.

The method according to claim 7, wherein

the time-frequency resource comprises a time domain subframe number and a frequency domain resource block; and
the time domain subframe number is determined according to a subframe number of a subframe in which the second
message is located, or is indicated by the base station by using a random access message.

The method according to claim 8, wherein
that the time domain subframe number is determined according to a subframe number of a subframe in which the
second message is located comprises:

when AT+5> Tp, a subframe number of a subframe that is on the target sub-band and that is closest to a current
moment is the time domain subframe number; or

when AT+5£TP, a subframe number of a next subframe of a subframe that is on the target sub-band and that
is closest to a current moment is the time domain subframe number, wherein

AT is a time difference between the current moment and a start moment of the subframe that is on the target
sub-band and that is closest to the current moment, sis a timing advance, and T, is a scheduling processing
time of the target sub-band.

The method according to any one of claims 1 to 9, wherein
the source sub-band and the target sub-band are corresponding to different transmission time intervals TTls.

The method according to any one of claims 1 to 10, further comprising:

sending, on another sub-band other than the target sub-band, a scheduling request SR by using a physical
uplink control channel PUCCH of the target sub-band; or

sending, on another sub-band other than the target sub-band, an SR by adding the SR to the data sent on the
target sub-band.

A sub-band scheduling method, wherein the method is used in a random access process and comprises:

receiving, from a user terminal on a source sub-band, a first message that carries information about a data
attribute requirement of to-be-transmitted data, wherein the information about the data attribute requirement
comprises at least one of the following: a transmission delay, a transmission delay type, a data bandwidth
requirement, or a packet loss sensitivity;

sending, to the user terminal on the source sub-band, a second message that carries sub-band information of
a target sub-band, wherein the target sub-band is a sub-band that is scheduled for the user terminal and that
meets the data attribute requirement of the to-be-transmitted data, and the sub-band information comprises at
least one of the following: a sub-band number, a sub-band frequency channel number, a timing advance, an
uplink resource allocated to the user terminal, a sub-band sending power level, or a bandwidth; and
transmitting data on the target sub-band according to the sub-band information of the target sub-band.

The method according to claim 12, wherein
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the first message is a non-transport layer message; and
the second message is a contention resolution message.

The method according to claim 13, wherein after the sending a second message, the method further comprises:
performing sub-band synchronization on the target sub-band.

The method according to claim 12, wherein
the first message is a message used to carry a random access preamble; and
the second message is a random access response message.

The method according to claim 15, wherein after the sending a second message, the method further comprises:
performing sub-band synchronization on the target sub-band.

The method according to claim 15 or 16, wherein
the random access preamble in the first message carries signature information, and different signatures are corre-
sponding to different data attributes.

The method according to any one of claims 12 to 17, wherein
the uplink resource is a time-frequency resource allocated on the target sub-band.

The method according to claim 18, wherein

the time-frequency resource comprises a time domain subframe number and a frequency domain resource block; and
the time domain subframe number is determined according to a subframe number of a subframe in which the second
message is located, or is indicated by using a random access message.

The method according to claim 19, wherein
that the time domain subframe number is determined according to a subframe number of a subframe in which the
second message is located comprises:

when AT+5> Tp, a subframe number of a subframe that is on the target sub-band and that is closest to a current
moment is the time domain subframe number; or

when AT+5£TP, a subframe number of a next subframe of a subframe that is on the target sub-band and that
is closest to a current moment is the time domain subframe number, wherein

AT is a time difference between the current moment and a start moment of the subframe that is on the target
sub-band and that is closest to the current moment, Jis a timing advance, and Tp is a scheduling processing
time of the target sub-band.

The method according to any one of claims 12 to 20, wherein
the source sub-band and the target sub-band are corresponding to different transmission time intervals TTIs.

The method according to any one of claims 12 to 21, further comprising:

receiving, on another sub-band other than the target sub-band, a scheduling request SR by using a physical
uplink control channel PUCCH of the target sub-band; or

receiving, on another sub-band other than the target sub-band, an SR by adding the SR to the data received
on the target sub-band.

A sub-band scheduling apparatus, wherein the apparatus is used in a random access process and comprises:

a sending module, configured to send, to a base station on a source sub-band, a first message that carries
information about a data attribute requirement of to-be-transmitted data, wherein the information about the data
attribute requirement comprises at least one of the following: a transmission delay, a transmission delay type,
a data bandwidth requirement, or a packet loss sensitivity;

a receiving module, configured to receive, from the base station on the source sub-band, a second message
that carries sub-band information of a target sub-band, wherein the target sub-band is a sub-band that is
scheduled by the base station and that meets the data attribute requirement of the to-be-transmitted data, and
the sub-band information comprises at least one of the following: a sub-band number, a sub-band frequency
channel number, a timing advance, an uplink resource allocated by the base station, a sub-band sending power
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level, or a bandwidth; and
a processing module, configured to transmit data on the target sub-band according to the sub-band information
of the target sub-band.

The apparatus according to claim 23, wherein
the first message is a non-transport layer message; and
the second message is a contention resolution message.

The apparatus according to claim 24, wherein the apparatus further comprises:
a synchronization module, configured to perform sub-band synchronization on the target sub-band.

The apparatus according to claim 23, wherein
the first message is a message used to carry a random access preamble; and
the second message is a random access response message.

The apparatus according to claim 26, wherein the apparatus further comprises:
a synchronization module, configured to perform sub-band synchronization on the target sub-band.

The apparatus according to claim 26 or 27, wherein
the random access preamble in the first message carries signature information, and different signatures are corre-
sponding to different data attributes.

The apparatus according to any one of claims 23 to 28, wherein
the uplink resource is a time-frequency resource allocated on the target sub-band.

The apparatus according to claim 29, wherein

the time-frequency resource comprises a time domain subframe number and a frequency domain resource block; and
the time domain subframe number is determined according to a subframe number of a subframe in which the second
message is located, or is indicated by the base station by using a random access message.

The apparatus according to claim 30, wherein
that the time domain subframe number is determined according to a subframe number of a subframe in which the
second message is located comprises:

when AT+5> Tp, a subframe number of a subframe that is on the target sub-band and that is closest to a current
moment is the time domain subframe number; or

when AT+5£TP, a subframe number of a next subframe of a subframe that is on the target sub-band and that
is closest to a current moment is the time domain subframe number, wherein

AT is a time difference between the current moment and a start moment of the subframe that is on the target
sub-band and that is closest to the current moment, sis a timing advance, and T, is a scheduling processing
time of the target sub-band.

The apparatus according to any one of claims 23 to 31, wherein
the source sub-band and the target sub-band are corresponding to different transmission time intervals TTIs.

The apparatus according to any one of claims 23 to 32, wherein the receiving module is further configured to:

send, on another sub-band other than the target sub-band, a scheduling request SR by using a physical uplink
control channel PUCCH of the target sub-band; or

send, on another sub-band other than the target sub-band, an SR by adding the SR to the data sent on the
target sub-band.

A sub-band scheduling apparatus, wherein the apparatus is used in a random access process and comprises:
a receiving module, configured to receive, from a user terminal on a source sub-band, a first message that
carries information about a data attribute requirement of to-be-transmitted data, wherein the information about

the data attribute requirement comprises at least one of the following: a transmission delay, a transmission
delay type, a data bandwidth requirement, or a packet loss sensitivity;
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a sending module, configured to send, to the user terminal on the source sub-band, a second message that
carries sub-band information of a target sub-band, wherein the target sub-band is a sub-band that is scheduled
for the user terminal and that meets the data attribute requirement of the to-be-transmitted data, and the sub-
band information comprises at least one of the following: a sub-band number, a sub-band frequency channel
number, a timing advance, an uplink resource allocated to the user terminal, a sub-band sending power level,
or a bandwidth; and

a processing module, configured to transmit data on the target sub-band according to the sub-band information
of the target sub-band.

The apparatus according to claim 34, wherein
the first message is a non-transport layer message; and
the second message is a contention resolution message.

The apparatus according to claim 34, wherein
the first message is a message used to carry a random access preamble; and
the second message is a random access response message.

The apparatus according to claim 36, wherein
the random access preamble in the first message carries signature information, and different signatures are corre-
sponding to different data attributes.

The apparatus according to any one of claims 34 to 37, wherein
the uplink resource is a time-frequency resource allocated on the target sub-band.

The apparatus according to claim 38, wherein

the time-frequency resource comprises a time domain subframe number and a frequency domain resource block; and
the time domain subframe number is determined according to a subframe number of a subframe in which the second
message is located, or is indicated by using a random access message.

The apparatus according to claim 39, wherein
that the time domain subframe number is determined according to a subframe number of a subframe in which the
second message is located comprises:

when AT+5> Tp, a subframe number of a subframe that is on the target sub-band and that is closest to a current
moment is the time domain subframe number; or

when AT+5£TP, a subframe number of a next subframe of a subframe that is on the target sub-band and that
is closest to a current moment is the time domain subframe number, wherein

AT is a time difference between the current moment and a start moment of the subframe that is on the target
sub-band and that is closest to the current moment, sis a timing advance, and T, is a scheduling processing
time of the target sub-band.

The apparatus according to any one of claims 34 to 40, wherein
the source sub-band and the target sub-band are corresponding to different transmission time intervals TTIs.

The apparatus according to any one of claims 34 to 41, wherein the sending module is further configured to:
receive, on another sub-band other than the target sub-band, a scheduling request SR by using a physical
uplink control channel PUCCH of the target sub-band; or

receive, on another sub-band other than the target sub-band, an SR by adding the SR to the data received on
the target sub-band.
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